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6ABSTRACT
new homogeneous organonickel reagent prepared from
nickelocene and lithium aluminum hydride has been shown to be
effective for the reduction of carbon-sulfur bonds to the
corresponding carbon-hydrogen bonds. Alkyl, aryl or benzylic
mercaptans or sulfides are readily reduced in moderate to good
yields. Functional groups such as olefinic double bonds, esters,
carbonyls, halides remain intact under the reaction conditions-
Preliminary studies on. the nature of the reagent and the
mechanisms for these reactions have been carrriedl out byemploying
deuterium labeling experiments and nmr as well as it techniques.
It is belidved that metal hydridic species may play an important
role for the reduction of carbon-sulfur bond. The reaction
behavior of this newly developed nickel reagent parallels to that
of Raney nickel. Hence, the reagent may serve as a homogeneous
model for understanding various reactions promoted by the latter
heterogeneous reagent.
INTRODUCTION
The use of organasulfur compounds in organic synthesis in
we 11 -de cumenuad- J The general practice in this area of
chemistry often involves the reduction of the carbon-sulfur bond














In these .reactions, Raney nickel, a widely used
desulfurization agent, has been employed for the- reductive
cleavage of carbon-sulfur bond. The mechanism for this important
reaction, however, is not well-understood. A free radical
mechanism has been proposed (Scheme 1). It is noted that the
Scheme 1
hydrogen source for this mechanism may arise from some kind of
adsorbed hydrogen on metallic surface. However, no direct
evidence to support this suggestion has been reported~ More
recently, Horner and Doms proposed an- alternative mechanism for
the Raney nickel promoted desulfurization reaction. They
suggested that organosulfur compounds may first be adsorbed on
the metal surface followed by the transfer of interstitial
hydrogen(s) leading to the reduction of carbon-sulfur bond
(Scheme 2). However, the actual mode of the carbon-sulfur
cleavage process is still not clear.
Scheme 2
3Hydrodesulfurization, a process involving the removal of
sulfur contents from crude oil or coal,. is one of the most active
research areas in chemical industry.' The commonly used catalyst
for this reforming process consists of molybdenum sulfide
supported on aluminum oxide with cobalt or nickel compounds as
promoter. Extensive studies on this system have been carried
out.11 Like Raney nickel promoted reactions, the mechanism for
this heterogeneous reaction remains unclear.
One approach to tackle this type of problem is to develop a
homogeneous organometallic system to simulate the heterogeneous
reaction_12 There are a few organometallic reagents which can
reportedly reduce the carbon-sulfur bond. To illustrate,
activated molybdenum on silica gel was found to be active for the










Alternatively, molybdenum(II) complex generated in situ from
14
the reaction of molybdenum hexacarbonyl and acetic acid has
been shown to react with thiol yielding the reduced product in
15




Recently, Luh and Wong reported that molybdenum hexacarbonvl
Itself in refluxing THF is a selective reducing agent for the
reductive cleavage of the carbon-sulfur bond When
chlorobenzene was enraloved as solvent, the thioketal 2 was
transformed inter bif luorenylidene in moderate yield as
outlined in eg.
A homogeneous desulfurization reaction, using dicobalt
actacarbonyl was reported by Alper and his coworkers (eqg. 9 and
On the other hand, esters were obtained from the latter
reaction when alcoholic solvent was used
In contrast to cobalt-promoted reactions, treatment of
thioketones with, iron pentacarbonyI afforded the corresponding
reduced products The active species would
presumably be hydridotetracarbonyIferrata anion.
In the presence of the phase transfer catalyst, triiron
dodecacarbonyl has recently been found to be an efficient
aesulzurizatian reagent for benzylrc throis (eg. 13.).
Eisch and his coworkers have studied the desulfurization of
with the nickel(0) complex as indicated in eq. Bipnenyl
was obtained in moderate yield from this reaction; bur the
yield was significantly improved when lithium aluminum hydrzde
was inrroduced to this reaction. A nickel hydride
intermediate was suspected.
A facile substitution of alkylthio groups on olefins and
arenes by alkyl or aryl functions in reactions with primary or
aryl Grignard reagents, under catalysis of low valent nickel
species has been reported (eq. 15). On the other hand
reduction of. the carbon-sulfur bond has been claimed when
secondary Grignard reagents were employed (eq. 16)-
The mechanism for the latter reaction has not been fully
explored. It is likely that Grignard reagent may first displace
the chloride to form the corresponding metal-alkyl which may
undergo 6-elimination yielding nickel hydrz.de (Scheme 3). Such
retrograde insertion reaction would particularly be facile for
the stericailv crowded metal-alkyIs.
Scheme 3
Recently, the carbon-sulfur bond in diary1 sulfide has
been shown to be readily cleaved upon treatment with
bis(cyclooctadiene)nickel(0) to give the aryl(arenethiolato)-
nickel (II) complex 6 by oxidative addition as shown in eq. 17.27
This discovery is extremely important in understanding the
carbon-sulfur bond reduction promoted by organonickel reagent.
The metal-alkyl bond thus formed would probably undergo inter- or
intramolecular reductive elimination with metal-hydride to give
the corresponding reduced product.
Ni(COD)2+ ArSAr+ 2PEt3 ArNi(SAr)(PEt)2+ 2C0D (17)
Metal hydride can also be formed by the reduction of a metal
halide with lithium aluminum hydride. 8 Mukaiyama and his
coworkers reported that, upon treatment with lithium aluminum
hydride, both cupric chloride (eq. 18) and titanium(IV)
chloride (eq. 19) are effective desulfurization agents.
Presumably, both reactions may involve metal hydride as
intermediate.
Recently, an effective desulfurization reagent oreoared
from nickelocene and lithium aluminum hvdride was uncovered
in this laboratory. In a preliminary study Lit was shown that
aryl or benzylic mercaptans and thioethers were readily reduced
(eqs. 20 and 21). The reaction behavior seems to be quite similar
to that of Raney nickel.8 In this thesis, a detail investigation
of this newly developed reagent is oresented. The stability of
various functional groups under the reaction conditions has been
studied. Preliminary mechanistic study on this intriguing
reaction has been carried out.
Pert of this work has been published in a preliminary
communication (cf Ref 32).
RESULTS AND DISCUSSION
Svnfhi
The mercaptans thioether: as well as thioketals
used in this study were prepared according to eqs.
respectively, The details are described in the
EXPERIMENTAL SECTION,
Compound was prepared from the allylation of The
alkvne derivative was similarlv svnthesized from
Desulfurization study
The reagent was prepared by mixing an equal 'molar amount
of nickelocene and lithium aluminum hydride in THF solution.
The mixture turned from deep green into brownish black
immediately. This solution was then treated with- various
organosulfur compounds at ambient temperature unless otherwise
specified. In general,, one equivalent of the nickel reagent is
required for each carbon-sulfur bond reduced- Thusr two
equivalents oi were employed for the desulfurization of
sulfide. After aqueous- work—upr the corresponding desulfurized
products were obtained. The results are summarized' in Table L-
As shown in Table 1, the yields- far these reactions are
moderate to. good. Various kinds of carbon—sulfur bond can readily
be reduced under these conditions-












Tha rajrctura was baatad undar rarlux. for 16 h.
In general, aliphatic or alicyclic carbon-sulfur bonds are
less reactive.• Thus, elevated temperature was employed for the
reactions with and Substituted benzylic thiols
afforded the corresponding reduced products in- moderate
yields. Various functional groups such as methoxy, bromo,
trifluoromethyl, methoxycarbonyl and carbonyl groups are stable
under the reaction conditions. Thioketals were reduced smoothly.
However, large excess amount of the reagent was used in order
to give satisfactory yield. In the presence of excess nitro
group was also reduced to amino group. Hence was obtained in
yield from It is noted that nitro groun can also be
reduced by Raney nickel.
Isolated double bond was found to be stable under the
reaction conditions. To-illustrate, the reduction of gave
in 78% yield. It is worth to mention that double bond in was
neither reduced nor rearranged. The high yield of this substrate
may be due to the presence of a-acyl group which may stabilize
the intermediate. In a similar manner, good yield was obtained
from the reduction of
As mentioned above, the yields for the reduction of benzylic
mercaptans are at most moderate (Table 11. The reaction with .8
has'carefully been examined. Thus, on treatment with 1 equivalent
of a mixture of isomers and in addition to was
obtained (eq Attempts to seaarate and were
unsuccessful. The mass spectral fragments for the mixture
34 and 35 are shown below:
It is clear that both 3 4 and 3 5 retained the
Ojf,
p-bromobenzy1 moiety. The nmr spectrum for this mixture.
is shown in Figure 1. The singlets at 65 .35 and 63 .30 are
assigned to the absorptions of the olefinic and benzylic pro-cons
in 35, respectively. The absorptions of olefinic 'protons for 34
appear at 65.60-5.30 as multiplet. The incorporation of
eye lap en t en e moiety into the products 3 4 and 35 is intriguing.
The possible mechanism for the formation of these products will
be discussed later.
Attempts to desulfurize 15 were unsuccessful, and only a
mixture of unidentified products was obtained.
16
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Figure 1. 1H-nmr spectrumfor 34 and 35.
bond has been shown to be readily cleaved under the
reaction conditions. It would be interesting to investigate
the reduction of thioesters with Consequently, thiobenzoic
acid S-ethyl ester was treated with in the usual manner as
described above. unexpectedly, no benzaldehyde was obtained and
only starting material was recovered.
Hvdroaen source
Having discusssea the versatility of the reagent toward
the reduction of carbon-sulfur bond,' it would be interesting to
find out the origin of hydrogen source. As mentioned above, water
was normally used in the work-up procedure. However, preliminary
examination by Chanel has shown that water does not participate
in the reaction- Hence the other possible hydrogen sources for
this reaction may arise from the reducing agent, lithium aluminum
hydride or from the solvent, THF. In order to test this
viewpoint, the reaction of 2-naphthvlmethanethiol with the
reagent prepared from and lithium aluminum deuteride was
carried out {eq. 27). 2—Methylnaphthalene-d was obtained in
80% yield This observation indicates that the reducing
agent does provide the hydrogen source
The Nature of the Reagent
As described in the previous paragraph the hydridic species
may play an important role in the reduction of carbon-sulfur bond
under these conditions- Earlier study by Chan suggested that
lithium aluminum hydride has been consumed because the reagent-
exhibited no absorption between 15QG—22GQ in the infrared
region. This finding is further confirmed by the study of' E-nmr
spectrum of see belov;
The C-nmr spectrum of in THF-do has been measured
(Figure 2). Interestingly, only one peak at 104.4 ppm over the
range from -10 0 to 240 ppm appears in this spectrum- This signal
is assigned to the absorption of symmetrically coordinated ri—
cyclopentadienyl carbons.35 it is noted that nickelocene is
paramagnetic and does not exhibit absorption in the region
mentioned above. Since there is only one peak in the C-nmr
spectrum, it is clear that the cyclopentadienyl moiety remains
attached to some kind. of metallic species during the course of
the preparation of the reagent In other words, no liberation
of the orcanic licrand was observed.
The lH-nmr spectra for and are shown in Figures 3 and 4
respectively. It is noteworthy that,. in addition to the
absorption due to cyclopentadienyl protons at 6 5.30,, there are
two broad singlets at 61.90 and 6 2-40 which disappear in the H—
Figure 2. C-nrar spectrum for 7 in THF-dQ.
impurity
Figure. 3. 'H-nmr spectrum for 7 in THF-dg.
Figure 4. H-nmr fin=r«+-r-nm~ mrrr-, i
22
10 0 -10
Figure 5. 1H-nmr spectrum for lithium aluminum hydride
in THF-d8.
nmr spectrum of 37-. These peaks may be ascribed as the absorption
for some kind of metal hydrides- Moreover no absorption due to
lithium aluminum hydride was observed (cf. Figure 5). Based on i
the infrared data mentioned previously, the hydridic. species, if
37
any, should not be terminal- Onfortunately, the ir'data can
not tell the existence of bridged or capped hydride due to strong
solvent absorption in this region- Similar difficulties have been
38
encountered in a capped nickel hydrrde cluster-
The. reagent contains ionic lithium because it shows a
sharp singlet at o—€-70 with reference to lithium chloride in the
Li-nmr (Figure 6) The Al-nmr spectrum, on the other hand,
shows two different kinds of complexed aluminum (Figure 7)-
At this stage, the structural information for-the reagent
is still limited- However, the posssible functional groups in
are ry -cyclopentadieny1 moiety and metal hydride(s). Some
kind of symmetry is present in Further investigation is
required to clarify this point-
NMR studv of desulfurization reaction in THF-d
Having some basic knowledge on the nature of the reagent
it would be interesting to investigate the mode of the reaction.
The H-nmr technique was employed to follow the reaction. Thus, a
mixture of and 1 equivalent of benzyl mercaptan (39) in THF-dg
was prepared under nitrogen atmosphere at -78°C. to give.
The H-nmr spectrum recorded- at -80°C is shown in Figure 8-
The signals at 67.10-7.60 are assigned to the absorption
of the aromatic protons of the complex. These peaks for aromatic








Figure 7. 27 Al-nmr spectrum for in THF-d8
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Figure 8. 1H-nmr spectrum for the mixture of benzyl
mercaptan and 7 in THF-d8 at-80 C
This observation Suggests that no -arene complex was formed,
since the absorption for the aromatic protons would' shift upfield.
if such TP-complex were formed. The singlet at 5 5-70 is due to
the absorption of n5 -cyciopentadieny1 protons. -It is interesting
to' note that the integration of this peak is the same as that for
the aromatic protons at 57.10-7.50. Since 1 equivalent of was
mixed with 1 equivalent of 7, the number of protons for
cyclopentadienvl moiety should be twice of that for the aromatic
moiety. Accordingly, some kind of rearrangement of one of the ri-
cyclopentadienvl moieties may occur during the course of the.
preparation of this nmr sample even at low temperature. There is
a complex multiplet at 5 5.40-5'.50 containing four protons. This
set of signals may be due to the absorption of olefinic protons
in rp -cyclopentadienvl' moiety. To the best of• our knowledge, the
nmr spectrum, for ry -cyclopentadienvl nickel compounds is not
known. However the absorption for -cyciopentadienylmercuric
40
chlarrde (41) has been retorted. The chemical shifts for tne
olefinic oroton in 41 atoear as multiolet centered at 56.51 at
-96 C. This result supports the assignment depicted above- The
absorption for the proton at Cj_ of rf-cyciopentadieny1 moiety in
40 should appear at higher field and may be embodied in the
residual solvent peaks.
The singlet appearing at 53.00 is interesting. This peak may
arise from the absorption of the benzylic methylene protons. The
chemical shift for these methylene protons is compared with those
of related compounds as outlined in Table 2.
Table 2. Chemical shifts of methylene protons of
derivatives of benzyl mercaptan.
Substrata
It is noted that the appearance of the methylene protons in
the reaction mixture exhibited at much higher field in comparison
with that of benzyl mercaptan and with that of complexed benzyl
thiolato compound Furthermore, the chemical shift for the
methylene protons of' 43 prepared from 42 and lithium aluminum
hydride shifted upfield to 53.05. Presumably same kinds of
hydridic species which may be formed in the latter reaction may
cause the upfield shift for methylene protons in~ Since the
organosulfur moiety is ligatad to nickel in 2 and in, it is
reasonable to suggest that the benzyl mercaptan may also form
complex with 7. As a result, the chemical shift for such
methylene protons exhibited at higher field as shown in Table 2-
It is believed that such complex formation would be important for
the cleavage of carbon-sulfur bond. It is noteworthy that the
carbon—sulfur bond has recently been found to be weakened in
certain thialato complexes- Furthermore, the carbon-sulfur band
has been found undergoing oxidative addition with a nickel(Q)
complex (eq. 17)27 However, the formation of the corresponding
carbon-metal bond was not detected in this study.
When the mixture was warmed up to room temperature, the
intensity of the signal at 53.00 gradually decreased and a new
singlet at 52.31 due to the absorption of methyl protons of the
product, toluene, gradually appeared (Figure 9)- Meanwhile, the
absorptions at 55.70 and at 56.40—5.50 gradually diminished. As
the reaction prolonged, the concenrration of the complex
decreased while that of toluene increased (Figure. 9). Based on
the• results so far obtained, a possible mechanism for the
desulfurization reaction with the reagent is proposed and
outlined in Scheme 4.
As mentioned above, the reagent 7 may contain bridged or
capped hydride (s) ana one kind of n -cyclopentadienyl moiety. The
Figure 9. H-nmr spectra for the reaction of benzyl
mercaptan and 7 in TIIF-d at ambient temperature
after 12h (a) and 24h (b).
metal center in 7 may be coordinatively saturated. As discussed
above, complexation between organosulfur ligand and the reagent
may occur during the course of the reaction._ Accordingly,- some
kind of reorganization of ligands in may occur to generate a
vacant coordination site in order to accommodate sulfur moiety.
In this case, one of the r -eyelopentad'ieny 1 ligands underwent
ir-a rearrangement to form the n-cycl'opentadienyl moiety. The
organosulfur.substrate was then ligated to the metal followed by
subsequent steps leading to the formation of various products.
The possible intermediate 44 is hence proposed (Scheme 4). The
number of nickel atoms 'or aluminum atoms or hydridic species in
44 remains unclear. Two pathways may then proceed. In the pathway
(a), the hydride in 44 may attack the 'ligated thiolato group'
giving the corresponding reduced product. Alternatively, in the
pathway (b), the transfer of an R group from sulfur to
cyclopentadienv1 moiety may occur. After several steps including
hydrogen transfer processes, substituted cyclopentenes could be
obtained. The fate of metallic compounds and sulfur -moiety is not
clear yet. However, preliminary examination with X-ray
fluorescence spectroscopy on- the residual solid has been carried
out. Sulfur, nickel and -aluminum have been detected..
CONCLUSION
In this study, a new homogeneous organonickel reagent 7 has
been developed for the reductive cleavage of• various carbon-
sulfur bonds. The reaction behavior is very similar to that of
Raney nickel. Hence, this reagent 7 may serve as a homogeneous
model for the. study of the mechanism of reaction promoted by
Raney nickel. Preliminary mechanistic study of the reaction with
7 suggests that metal hydride(s) may play a significant role in
the reduction of carbon-sulfur bonds. This observation supports
the earlier studies10 that- interstitial hydrogen(s) may provide
the hydrogen source for the reduction of carbon-sulfur bonds.
More detailed mechanistic studies would be required t'o explore
the actual mode of these important reactions....
EXPERIMENTAL
Melting points (mp) and boiling points (bp) are
uncorrected- Nuclear magnetic resonance (nmr) spectra were
recorded on JEOL 60-HL (60 MHz) and Bruker WM250 nmr
(250 MHz) spectrometers. Mass spectra (ms) were determined on a
VG-7070F mass spectrometer- Infrared spectra were measured on a
Perkin-Elmer 283 infrared spectrophotometer. Gas chromatography
was operated on a Hewlett-Packard 700 vapor fractometer.
All reactions were performed under nitrogen atmosphere using
43,44
standard inert gas operation techniques. Tetrahydrofuran
(THE) was distilled front potassium -sodium ai.laybenzophenane
prior ta use. Other solvents were distilled, before use.
Nickelocene,, I-adamantanethia 1,. 3-trifluaraphenyl-
40 zLQ
methanethia1 2-nitrofluorenane were prepared according to
literature procedures-'
l-Decanethio 1(. To a 250-mL round bottom flask containing
1-bromodecane (22-lg, 0.1 mol), was added a solution of thiourea
(9.9g, 0.13 mol) in aqueous ethanol (70%, 30 mL). The mixture
was refluxed for 2 h. After cooling, an aqueous solution of
sodium hydroxide (10%) was added and the resulting mixture was
refluxed with stirring for a further 2 h and cooled to room
temperature. The organic layer was separated and the aqueous
layer was acidified and then extracted with ether. The combined
organic solurion was dried with anhydrous magnesium sulfate,
filtered, and the filtrate was evaporaued in vacuo to give the
residue which was distilled to afford 1-decanethiol (13.2g, 76%):
bp.. 66—6 8°C (1.2 mm; lit.50 96-97°C, 5mm) -nmr (CLC1-): 6 0.80-
* *
1.70(20H,m), 2.50 (2H,q,J=7.5Hz).
2-Bromomethvlnaphthalene (*£) . A mixture of jj.2 (50g, 0.35 mole),
azobisisobutyronitrile (AIBN) (ca. O.lg) and N-bromosuccinimide
(63g, 0.37 mol) in carbon tetrachloride (500 mL) was refluxed for
3 h and then cooled to room temperature. After filtration, the
filtrate was evaporated in vacuo to give the residue which was
o• distilled to give ££ (70g, 90%) : bp. 110-112 (0.05 mm),? mp. 50-
o 51 o51 C, (lit. mp. 54 C). * . - .
2-NaohthvImethanethia 1 ’ (H) . In a-similar manner described for _
'■ ' ........ -  ..........  — ' - -  . V u
the preparation of ^  (20g, 0-09 mol) and thiourea -('8*4g,
0.11 mol) "were transformed into ^  (9g, 57%) : mp. 47-48 'C-
(lit.5 2 mp. 47.2-47.7°C),. .
i
4—Methoxycarbonvl—a—bromotoluene • (4^ ) • .By employing the similar 
method for the preparation of 4^, ^  (50g, 0.33 mol), AIEN (ca. 
O.'lg) and N-bromosuccinimide (65g, 0.37 mol) were transformed
into 46, as colorless needles (49g, 65%): mp. 48-50°C (petroleum 
ether, lit.53 mp. ;54-55°C) ; 1H-nmr (CDC13) : S3.85(3H,s),
4.40(2H,s), 7.25-8.05(4H,m).
4-MercaptomethvIbenzoic acid (47). In a similar manner as
■ -  ■ ■■ ~  --------------- ----------------------------------  ' V O i
described for the preparation of 4^ (26.5g, 0.12 mol) and
thiourea (9.2g, 0.12 mol) were converted to 4^ (5g, 25%): mp.
o O 1 '175-178 C (EtOH; lit. mp. 179-180 C); H-nmr(CDC13):
52.90(1H,t,J=7.5Hz), 3.85(2H,d,J=7.5Hz), 7.45-8.15(4H,m).
4-MethoxycarbonvlohenvImethanethiol (17). Compound 48 (5g, 0.03---------------------------------- ---------------  — —---------------- - -----------------------------------------------------  <v \ j
mol) was dissolved in methanol (100 mL), to which concentrated
34
sulfuric acid (1- mL) was added. The mixture • was refluxed 
overnight, cooled to room temperature, poured into ice water and 
then extracted with ether. The organic solution was washed with t 
water, dried with anhydrous magnesium sulfate and filtered- The 
filtrate was evaporated in vacuo and the residue was distilled to 
give ^  (2g, 37%) : bp. 78-80°C (0.65 mm).; ^H-nmr (CDC13} :
61.80(lH,t,J=7.5Hz), 3.70(2H,d,J=7.5Hz), 3.85(3H,s), 7.15-
8.05 (4H,m); ms: m/e 182.0393 (calcd for CaH^C^S: 182.0401).
4-methoxv-a -bromotoluene (48). In a similar manner as described
i ■ ... 1 ........ r\j\j
for the preparation of a mixture (30g, 0-25 mol) , AIBN (ca
O.lg) and N-bromosuccinimide (43.7g, 0.25 mol) was converted to
J 6 55 o^  ( 45.5g, 92%.): bp. 80-84 C (1 mm; lit. 105-10 C, 8mm).
4-Methoxvohenvlmethanethio1 In <a similar procedure as
described for the preparation of 16,' 48 (21g, 0.1 mol) and 
thiourea (7.6g, 0.1 mol) were transformed into 19 (6g, 38%): bp. 
60-62°C (0.1.mm), (lit.56 89-94°C, 2.5 mm); 1H-nmr(CDC13):
61.70(lH,t,J = 7.5Hz) , 3.55 (2H,d,J=6Hz) , 3.65(3H,s), 6.97(4H,rn).
a, 4-dibromotoluene (49). In a similar manner as described
------— —  -----------------------------------------------  r\y\j
for the preparation of ^4, 2^6 (60g, 0.35 mol), AIBN (ca O.lg) 
and N-bromosuccinimide (65g, 0.38 mol) were converted to
(47g, 54%); mp. 58-60°C (lit.5"^ mp- 60-62°C) -
4-BromoDhenvlme.thanethiol (13). In a similar manner as described
----------------------------------------------------------------------------------------------------------  Oj'Y,
for the preparation of 16, 49 (20g, 0.08 mol) and thiourea
r\jrVj r\ir\i
(6.2g, 0.08 mol) were transformed into 1J3 (6g, 37%) : mp. 26-28°C 




2,2-Ethvlenedithioadamantane . A mixture of adamantanone
{6g, 0-04 mol)/ 1,2-ethanedithiol (10 mL, 0-12 mol) and boron 
trifluoride etherate (10 mL, .0.08 mol) in hot acetic acid (150 , 
mL) was heated under reflux for 2 h. The mixture was cooled and 
let stand for crystallization. After filtration, the solid was 
recrystallized from chloroform-acetone affording 23 as colorless 
leaflets (4.2g, 46%) : mp. 56-57° C (lit.*59 55-56°C) ; *H- .
nmr(CDCl3): 51.50-2.30 (14H,m), 3.20 (4H,s).
9,9-EthvIenedithiofluorene (3). In a similar manner as described
1 "  ** r \ j
for the preparation of £3, fluorenone (9g, 0.05 mol), 1,2-
ethanedithio1 (15 mL, 0.18 mol) and boron trifluoride etherate
(15 mL, 0.12 mol) were converted to ^  as colorless rods (9g,
o ’ 60 o 170%): rap. 126-127 C (CHCl3-MeOH; lit. • mp. 125 C); TI-
nmr(CDCl3 ): 5 3 -.75 (4H,s) , 7.15-7..85 (8H ,m) .
9,9-Ethvlenedithio-2-nitrofluorene (22). In a similar way as
" ■ 1' '**"'■ ■ 1 ■ ............................................ 11 "  i \ i r \ i
described for the preparation of a mixture of 2-.
nitrofluorenone (2g, 9 mmol), 1,2-ethanedithiol (5 mL, 0.06 mol)
and boron trifluorida etherate (2 mL, 0.016 mol) was transformed 
into ^  (1.9g, 70%) : mp. 231-234°C; ^rl-nmr (CDC13 ) : 53.82 (4H ,.s).,
7.28-7.50 (2H,m,H7 8 ), 7.65-7.78 (3H,m,E4_6) , 8.’23 (lH,d, J=10Hz ,H-. ■
3) , - 8.52 (lH,d,J=3.SHz,H1) ; ms: m/e 301.0229 (calcd for
C15H11N°2: 301.0231).
a-Methvlthioacetoohenone (13). Sodium hydride (3g, 80% dispersed
r\y\ j




with a cold finger and a dry-ice cooled addition funnel, was 
washed with petroleum ether three times under ' nitrogen
atmosphere. THF (150 mL) was then introduced and the mixture was
o- ' O ’cooled to ca. -78 C. Methylmercaptan (condensed at -78 C, ca. 15
mL) was then added dropwisely and the mixture was gradually
warmed to room temperature. A solution of a-bromoacetophenone
(20g, 0.1 mol) in THF (30 mL) was added and the reaction mixture
was stirred overnight under nitrogen and then poured into water
(100 mL), and extracted with ether (4 X 20 mL). The ethereal
solution was dried., filtered and the filtrate was evaporated in
vacuo to give the residue which was distilled to afford 13^
o * . 61 o(12-5g, 75%),: bp. 82-86 C (0.1 mm? lit. bp. 100-105 G, 0.4
mm); nmr(CDCl3): 52.10(3H,s), 3.75(2H,s), 7.40-8.10 (5H,m)..
g-Methylthio-a-allvlacetophenone ( ^ ) . Sodium hydride (80%,
0.8g, 0.027 mol) in a three-necked round bottom flask was first
washed with petroleum ether three times under nitrogen
atmosphere. THF (150 mL) was introduced and the mixture was
ocooled to ca. -78 C. Compound 13 (4.2g, 0.025 mol) was then
added dropwisely and the mixture was gradually warmed to room 
temperature. A solution of allyl bromide (4.5g, 0.037 mol) in THF 
(30 mL) was then added and the reaction mixture was stirred 
overnight under nitrogen, poured into water (lOO.mL), extracted 
with ether (4 X 20 mL). The ethereal solution was dried, filtered 
and the filtrate was evaporated in vacuo to give the residue 
which was distilled to afford 14 (4.45g, 86%); bp. 78-82 C-
f\y\,
(0.08 mm); ^H-nmr (CDC13) : <5 1.90 (3H, s) , 2.30-2.90 (2H, m) ,
4.22(1H,t,J=7.5Hz), 4.90-5.35(2H,m), 5.40-6.30(lH,m), 7.10-'
8.00 (5H,m) ? ms: m/e 206.0743 (calcd for ci2H14OS: 206.0765).
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a—Phenyl-hhio-ct —oroparcvlacetophenone (15) . In a similar mannar
— i "* i i — ■ ■ "  ' '* ' \ / \ j
as described for the preparation of 14^, ^ oc sodium
hydride (80%, 0.5g, 0-017 mol), a-phenylthioacetophenone (3g,
0.013 mol) and propargyl bromide (1.6g, 0.013 mol) was
transformed into <3^ (2’-6g, 74%) : mp- 10 4—10 6 C; nmr. (CDC13) :
52.00-2.20 (lH,m) , 2.70-2.90 (2H,m) , 4.70(1H,t,J=7.5Hz) , 7.4-
. 8.3 (9H,m) y ms: m/e 266.0743 (calcd for c l73140S: 265.0765)..
Thiobenzoic acid S-ethvlester (36) . A mixture . of benzoyl
■■ ■ “  1 r\y \t
chloride (5g, 0-03 mol), pyridine (5 mL) and ethyl mercaptan
b(3.72g, 0.0 6raol) was allowed to react at. Q C. for 1 h and then at 
room temperature overnight. Water was then added and the mixture 
was * extracted with ether. The organic -solution was washed with
hydrochloric acid (10%) and then . with water, dried over
(
anhydrous magnesium sulfate, filtered and the filtrate was
evaporated in vacuo to give ^  (2.4g, 46%): bp. 146-148°C (30
mm; ‘lit.62. bp. 128-130°C, 12mm); 1H-nmr(CDCl^): 51.30
(3H,t,J=6.75Hz), 3.05(2E,q,J=7.5Ez), 7.10-8.10(5H,m).
General procedure for desulfurization reaction. A THF solution 
(50 mL) of nickelocene. (8) (Ig, 5.3 mmol) was added to lithium 
aluminum hydride (0.2g, 5.3 mmol) in THF (20 mL) and the mixture 
was stirred for 15 min to give a brownish black- mixture A THF
solution (30 mL) of equimolar of sulfur-containing substrate (5.3 
mmol) was then added drcpwisely to the above mixture. After 
stirring under nitrogen at room temperature for 12-24 h, the
reaction was quenched with water (20- mL) , filtered and the
filtrate was extracted with ether (4 X 40 mL) . The organic 
solution was dried over anhydrous magnesium sulfate, filtered,
38
and the filtrate was evaporated in vacuo to give the residue
which was chromatographed on silica gel.
Desulfurization of 4-methoxvcarbonvlphenylmethanethiol
According to the general procedure, a mixture of
mmol), lithium aluminum hydride mmol), and
mmol) was reduced to which showed
identical spectroscopic properties with those of the authentic
sample.-
Desulfurization of 4-methoxvphenvlmethanethiol By using
the general procedure, a mixture of mmo1) and
lithium aluminum hydride mmol) in THF and
mmol) was converted to which was
characterized by comparing its spectroscopic properties with
those of the authentic sample.
Desulfurization of 4-bromophenvlmethanethiol A mixture of
mmol), lithium aluminum hydride mmol) in
THF and mmol) was allowed to react in
the usual manner as described above. After work-up, the residue
was subject to GC analysis. Two peaks were observed on the
chromatography. Preparative GC was employed using 0V1 column at
110 C to separate these two components. The first fraction was
identified as 4-bromotoluene which showed same
physical properties with those of the authentic sample. The
second fraction contained, two compounds and
based on H-nmr (Figure 1) and ms data: 'H-nmr (CDC10) for
51.4-2:8 (6H,m)-, 2.8-3.0 (lH,d) , 5.6-5. 8 (2H, m) , 7.0-7.5 (4H,m) . m/e
235, 238; 159, 171. Attempts to seperate  ^ and ^  by
chromatographic methods were unsuccessful. .
• Desulfurization of a-methvlthioacetophenone ) . According to 
the general procedure, a mixture of 8 (2.29g, 12 mmol), lithium
”  '"Vj
• aluminum hydride (0.46g, 12 mmol) in THF (50 mL) ,, and ^  (0.34g, 
5-1 mmol) was transformed into. 30 (0.45g, 74%) which was
rU/\ r
characterized by comparing its spectroscopic properties with 
those.of the authentic sample.
Desulfurization of a—methylthio-a-allvlacetoahenone (14) - By' -w.
using the general procedure, a mixture of 8 (0.98g, 5.2 mmol),
lithium aluminum hydride ( Q-2g, 5.3 mmol), and 1£ (0.4g, 2 mmol) 
was transformed into ^  (0.25g, 78%); ^H-nmr (CDC13) : 5 2.2-
2.70(2H,m), 2.7Q-3.20(2H,m), 4.75-5.35(2H,m), 5.40-
6 .3 0 (1H, m) , . 7.10-8.00 (5H,m) ; ms: m/e 160. .
Desulfurization of 9,9-ethvlenedithioflucrene (3). By the use of --------------------- .—  -- ■-------------------  ^
the general procedure, a mixture of 8 (3.0a, 16 mmol), lithium
aluminum hydride (0.51g, 16 mmol) and 3 (0.51g, 2mmol) in THF (50 ~
o 63mL) was transformed ante 31 (0.18g, 55%): mo. 112-115 G ; (lit.
'V \ i
115-115°C).
Desulfurization of 9,9—ethylenedithio—2—r.itrof Tuorene (22). ------------------------------------------------------  »vv«
According to the general procedure, ^  (0.25g, 0.32 mmol) was
reduced to 32 (0.06g, 40%): mo.125-123°G ; (lit64 129°C).
. r u ' \ i
Desulfurization of thioaenzoic acid S-ethvlester (36). Followina
-------------------— ------------  1 ................................  1 ■ f \ y \ t  3
the general orccadure, 36 (0.36a, 5.2 mmol) was'treated with 7.
40
After normal -work-up, only starting material was recovered 
(0.82g, 95%).
Desulfurization of 3-trifluoromethvlphenvlmethanethiol (20). ----------------------------------  —  --- --------------  %rXi
According to the general procedure, 20 (0.76g, 4 mmol) was
transformed to 28 (0.22g, 35%) which exhibited same physicalv i -
properties with those of the authentic sample.
Desulfurization of 1-decanethiol (16). A mixture of nickelocene --------------------------------  n/v.
8 (2-27g, 12 mmol) and lithium aluminum hydride (0.54g, 14 mmol)
in THF (50 mi) was treated with 16 (.1.02g, 6 mmol) in THF (ca.
t\ / \ j
150 mL) according to the general procedure except that the 
mixture was refluxed for 16 h to afford 24 (0.172g, 41%) which
' 'VX,
exhibited identical * properties with those of the authentic 
sample. <
Desulfurization of 1-adamantanethiol (21). Following the
procedure for the reaction with 16, a mixture of 8 (0.65g, 3.4
mmol), lithium aluminum hydride (0.13g, 3.4 mmol) and 21 (0.26g,
1.5 mmol) in THF (50 mL), was heated under reflux for 16 h
followed by normal work-up procedure to give 29 (0.097g, 46%)
which showed same physical properties with those of the authentic 
sample.
Desulfurization of 2,2-Ethvlenedithioadamantane (23). Following 
the procedure for the reaction with 16, a mixture of 8 (0.87g,
4.6 mmol) and lithium aluminum hydride (0.174g, 4.6 mmol) in THF
23 (0.26g, 1.2mmol) in THF (50 mL), was heated under reflux for /w




Desulfurization of 2-naphthvlmethanethioi (11) with 37 'in -------------------------- -------------------* o a j ----------------------------------------------- .v \ j -------------------
THF The reaction was carried out in a manner as discerned 
in the general procedure except that lithium aluminum deuteride 
was used instead of lithium aluminum hydride-■ Thus 11 (O.olg, 
3.5 mmol) was transformed to ^8 (0.40g, 80%); m/e 143.
A
NMR study of the reagent 7 in THF-do. Under'nitrogen atmosphere,
a solution (2.0 mL) of 8 (34mg, 0.18 mmol) was added to lithiumo
aluminum hydride (6.8mg, 0.18 mmol) in THF-d (1.0 mL) in an nmr8
tube. The mixture was'shaken for 15 min at room temperature. The_ . 
nmr tube was then sealed and subject to nmr analysis.
NMR.study of the reaction of benzyl mercaptan (39)' with 7 in
.............  ' ■  1 "  1 1 "  .......... "  ' ' , *  V u  %  ■ 1
THF-d„. Under nitroqen atmosphere, a < solution (0.5 mL) of 8o O,
(0.079g, 0.4 mmol) was added to lithium aluminum hydride (16mg,
0.4 mmol) in THF-d0 (0.5 mL) in an nmr tube. The mixture waso
shaken for 15 min at room temperature. A THF-d^ solution (0.5 mL)
of 41 (52mg, 0.4 mmol) was then added dropwisely to the above o<o,
mixture under nitrogen -at -78°C. The nmr tube was then sealed 
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